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Fetal Hydrops in a Newborn With Hypoplastic Left Heart Syndrome: 
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PAUL M. WEINBERG, MD, FACC, KAREN PEYSER, MD, JAMES R. HACKNEY, MD 
Philadelphia, Pennsylvania 
Fetal hydrops in a newborn infant with hypoplastic left 
heart syndrome led to the discovery of tricuspid stenosis 
and insufficiency from an unusual malformation of the 
right venous valve of the embryonic sinus venosus. This 
Fetal hydrops is most commonly associated with hemolytic 
disease of the newborn. However, it also occurs in the 
presence of other abnormalities, including fetal arrhythmias 
and structural heart disease. We report a case of hypoplastic 
left heart syndrome with aortic stenosis and virtual mitral 
atresia in which there was moderately severe hydrops. The 
hydrops was probably related not to the hypoplastic left 
heart alone but rather to an unusual associated malformation 
of the eustachian valve and tricuspid valve-tricuspid valve 
"stopper." As a result of this complicating lesion, surgical 
palliation of the hypoplastic left heart was thought to have 
a very poor prognosis. 
Case History 
This male infant was the 3.75 kg product of a 37 week 
gestation, noted to be hydropic at birth. The Apgar scores 
were 2 and 4, and he was intubated and transported to The 
Children's Hospital of Philadelphia. On physical exami•
nation, there was marked edema of the head and trunk and 
ascites. There was a single second heart sound, a grade 3/6 
long systolic murmur at the left lower sternal border and 
no diastolic murmur. The liver was not enlarged. Arterial 
partial pressure of oxygen (Po2) was 60 mm Hg in 100% 
oxygen. 
Two-dimensional echocardiography revealed hypoplas•
tic left heart syndrome. In addition, the right atrium con•
tained multiple echo densities thought to indicate rete Chiari. 
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unfortunate combination of lesions precluded surgical 
palliation for the hypoplastic left heart. 
(J Am Coll CardioI1985;6:1365-9) 
The foramen ovale was small. The tricuspid valve leaflets 
were thickened, and insufficiency was suggested by contrast 
injection as well as movement of the Chiari tissue with each 
systole (Fig. 1). The right ventricle was dilated and con•
tracted poorly. 
The infant was treated with prostaglandin E" dopamine 
and ventilatory support. Cardiac catheterization was per•
formed to assess the tricuspid valve, with a view toward 
possible surgical palliation. Mean right atrial pressure was 
16 mm Hg, and severe tricuspid insufficiency was noted on 
the angiogram. Because surgery was contraindicated, the 
decision was made to withdraw support and the baby died 
at 28 hours of age. 
Postmortem Examination 
The overall heart size was two times normal. On external 
inspection (Fig. 2A), the right atrial appendage was mark•
edly enlarged. The left anterior and posterior descending 
coronary arteries delineated an absolutely small left ventricle 
and an enlarged right ventricle (Fig. 2B). The ascending 
aorta was very small, 5 mm in diameter. On opening the 
right atrium, an extensive rete Chiari is recognized (Fig. 
3B). This web of venous valve tissue partially separated the 
superior and inferior venae cavae from the atrial appendage 
and tricuspid valve. The lower portion formed a windsock•
like structure that fit into the tricuspid valve orifice and 
measured 4 mm in diameter (Fig. 3A and D). The tricuspid 
valve itself was dysplastic with a small primary orifice 
(4 x 5 mm, normal 13 mm in diameter) and fusion and 
shortening of chordae tendineae. The anterior and posterior 
leaflets as well as the anterior and septal leaflets were par•
tially fused (Fig. 3C). Only the septal-posterior commissure 
was well developed. The leaflets were thickened, especially 
at their free margins. 
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Figure 1. Echocardiogram, apical 
four challlber view. A, The "stop•
per" (*) is j4st above the abnormally 
thickened tricuspid valve with its 
narrow orifice. B, The hollow struc•
ture of the stopper is clearer and its 
relation to the rete ehiari (RC) is 
evident. It is clearly separate from 
septum primum (SEPT I) of the atrial 
septum. C, The tricuspid valve is 
closed with the stopper flipping 
around in the atrium. D, The inter•
mittent plugging of the tricuspid valve 
by the stopper (compare with Fig. 
3A and 3P). A = anterior; L =: left; 
LA =: left atrium; P =: posterior; R 
= right; RA =: right atrium; TV = 
tricuspid valve. 
Figure 2. A, Anteroposterior view of the hearr exterior 
showing the markedly hypoplastic ascending aorta (Asc 
Ao). The black arrows point to the left anterior de•
scending coronary artery which indicates the position 
of the leftward displaced ventricular septum seen with 
hypoplastic left ventricle (LV). B, Left lateral view of 
the heart exterior showing the boundaries of ~he hy•
poplastic left ventricle. Note the relatively posterior 
position of t)le left anterior descending coronary artery 
(LAD) typical of left ventricular hypoplasia. Dsc Ao 
= descending aorta; Ive =: inferior ve~a cjlva; LAA 
= left atrial appendage; PA = pulmonary artery; PDA 
= patent ductus arteriosus; PV's = pulmonary veins; 
RAA = right atrial appendage; RV =: right ventricle; 
sve = superior vena cava. 
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The atrial septum was abnormal in that the foramen ovale 
Was quite small (3 mm in diameter). The right ventricle and 
pulmonary arteries were enlarged but architecturally normal. 
The ventricular septum was intact. The pulmonary veins 
entered the left atrium normally, The left atrium was small 
but structurally normal. It led to a peculiar sac-like mitral 
valve througH a small orifice (3 mm in diameter, normal 
11) that ultimately exited through two tiny openings « 1 
mm in diameter) between rudimentary chordae into the left 
vet1tricular cavity proper (Fig, 4), The left ventricle was 
one-fourth the notmal size, but had two papillary muscles 
and characteristic fine trabeculations. The aortic valve was 
bicuspid with a rudimentary intercoronary commissure and 
a 3 mm anulus (7 mm is the lower limit of normal). There 
was a normal left aortic arch and a patent ductus arteriosus. 
Liver histologic examination revealed centrilobular he•
patic congestion with hemorrhage and necrosis and hepatic 
sinusoidal thrombi, which are commonly seen with hypo•
plastic left heart syndrome (I). However, there was also a 
peculiar form of portal and sinusoidal fibrosis without bile 
duct proliferation, There were many ill-defined lobular foci 
of increased sinusoidal collagen. In general, these focal 
areas of siriusoidal fibrosis did not obliterate the underlying 
lobular architecture of the liver. 
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Figure 3. Right atrium. A, Right posterolateral view of opened 
right atrium (RA) showing "stopper" -like tissue excrescence (STPR) 
situated in the tricuspid valve orifice (TVO). B, In a more nearly 
right lateral view, the stopper is noted to arise from right venous 
valve tissue of the inferior vena cava (lVC) forming a so-called 
rete Chiari (RC). A small foramen ovale (FO) is seen, The stopper 
is distinctly separate from atrial septal tissue. C, Similar to A but 
with the stopper retracted from the tricuspid valve orifice to dem•
onstrate fusion of septal (SL), anterior (AL) and posterior (PL) 
leaflets of the tricuspid valve (TV). Note the small tricuspid valve 
orifice ( 4 x 5 mm). D, Close-up of stopper attached to rete Chiari 
with the tip of the stopper in the tricuspid orifice (similar view to 
that in A). LA = left atrium; Sept II = septum secundum; other 
abbreviations as in Figures I and 2. 
Discussion 
Structural heart disease alone is rarely associated with 
hydrops fetalis. Most lesions that result in congestive heart 
failure postnatally do not do so in utero, because of flow 
through the ductus arteriosus and the high pulmonary vas•
cular resistance. The onset of decompensation in hypoplastic 
left heart syndrome is generally delayed until several hours 
after birth, with the closure of the ductus, 
Causes of fetal hydrops. Lesions that produce heart 
failure independent of these factors include valvular insuf-
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Figure 4. A, Posterior view of the left atrial (LA) interior. The 
apparent mitral valve orifice (MY "0") is shown. Band C are 
the orientation view and a close-up, respectively, of the sac-like 
mitral valve (MY) viewed from the opened left ventricle (LY). D, 
A conceptual drawing of a hypothetical oblique section through 
the sac-like mitral valve (MY) demonstrating the apparent mitral 
valve orifice and the true outlet from the sac (MY Out). AL PM 
== anterolateral papillary muscle; MY A = mitral valve anulus; 
PM PM = posteromedial papillary muscle; other abbreviations as 
before. 
ficiency or severe stenosis, or both, with ventricular dys•
function. There are reports of nonimmune hydrops (2,3) 
associated with Ebstein's anomaly (4), absent pulmonary 
valve leaflets, atrioventricular (A V) canal defects, large sep•
tal tumors and premature closure of the foramen ovale (5) 
or ductus arteriosus (6). Other cardiovascular causes of hy•
drops include fetal arrhythmias, arteriovenous malforma•
tions, endocardial fibroelastosis and primary myocardial 
dysfunction. A few cases of hypoplastic left heart syndrome 
have been reported in newborns with hydrops. Leake et a1. 
(7) described an infant with the syndrome who had a murmur 
suggestive of tricuspid insufficiency, and at autopsy had a 
dilated tricuspid valve ring and a 4 mm foramen ovale. Sahn 
et a1. (8) reported the echocardiogram of a 33 week hydropic 
fetus with hypoplastic left heart and a mass within the small 
left ventricle. This proved to be thrombus at autopsy, and 
the foramen ovale was 3 mm in diameter; the infant had 
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trisomy 13. Silverman et al. (9) reported a fetal echocar•
diogram at 23 weeks that revealed a hypoplastic left heart 
with a prominent eustachian valve. 
Pathophysiology. These cases all involved abnormali•
ties that could potentially cause obstruction to the right atrial 
outflow. The foramen ovale in each case was restrictive, a 
frequent finding in hypoplastic left heart syndrome. One 
infant had probable tricuspid insufficiency and one had a 
prominent eustachian valve (right venous valve of the in•
ferior vena cava) that may have at least intermittently in•
terfered with systemic venous return. In our patient, there 
was evidence of significant tricuspid stenosis and insuffi•
ciency. The stenosis was caused by a peculiar malformation 
involving the eustachian valve. This valve forms in embry•
onic development during incorporation of the sinus venosus 
into the primitive right atrium (37 days after ovulation), 
temporarily separating these two components of the defin•
itive right atrium. Normally the valve withers away and by 
55 days after ovulation it has regressed to a small riin of 
tissue at the junction of the inferior vena cava and the right 
atrium. Sometimes the tissue fenestrates but does not resorb, 
and a veil-like network or rete Chiari persists, usually with 
no hemodynamic consequence. If the entire venous valve 
persists without even fenestration, a malformation known 
as cor triatriatum dexter occurs. In our patient, the upt>er 
three-fourths of the venous valve became fenestrated but 
the lower portion formed a small windsock-like structure 
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that could fill with blood and float like a stopper into the 
tricuspid valve orifice. In addition to and possibly as a result 
of this clearly obstructive malformation, the tricuspid valve 
itself was stenotic with fusion of the leaflets. This valve 
was shown to be regurgitant by angiography but was clearly 
stenotic as well. The stenosis was even more profound be•
cause with near mitral atresia, the entire pulmonary and 
systemic circulations had to pass through the tricuspid valve, 
which is typically much larger than normal. In this case, it 
was half the normal size. 
Developmental hypothesis. A restrictive foramen ovale 
resulted in the left heart hypoplasia, causing nearly all of 
the systemic venous return to pass through the tricuspid 
valve. If the restrictive foramen ovale occurred while the 
right venous valve of the sinus venosus was still quite large, 
this extra flow toward the tricuspid valve could carry the 
thin valve in its stream and eventually mold it into a wind•
sock-like pocket. A similar malformation of the atrial sep•
tum, aneurysm of the septum primum (which is part of the 
left venous valve system of the sinus venosus) (10), has 
been noted with A V valve atresia (II), presumably as a 
result of torrential flow toward the nonatretic A V valve with 
an interposed pliable membrane. Thus, the venous valve 
pocket, or "stopper," remains thick as it is pounded in the 
stream of blood, while the remainder of the venous valve 
begins fenestration and resorption resulting in the rete Chiari. 
As the stopper is carried into the tricuspid orifice it tends 
to obstruct the orifice. It is conceivable that if the obstruction 
were severe enough, this would limit flow across the tri•
cuspid valve and contribute to secondary tricuspid valve 
stenosis. The presence of a restrictive foramen ovale as well 
as supravalvular and valvular tricuspid stenosis would lead 
to marked elevation in systemic venous pressure, eventually 
resulting in edema. 
The peculiar histologic pattern of hepatic sinusoidal fi•
brosis seen in this patient may also be related to at least 
intermittent obstruction of the only functional A V valve by 
the stopper, with consequent reduction in forward systemic 
blood flow as well as retardation of right atrial emptying. 
To our knowledge, these findings have not been previously 
reported in fetuses or newborns since most fetuses with 
obstructive cardiac lesions have only unilateral obstruction. 
Systemic output is therefore maintained through either the 
foramen ovale (right heart obstruction) or the ductus arte•
riosus (left heart obstruction). Severe bilateral fixed obstruc•
tion which might produce these hepatic findings could be 
expected to cause fetal death in most cases. However, in 
this case, there was an intermittent component to the right 
heart obstruction by the stopper. This may explain how this 
fetus could survive until birth and yet show evidence of 
diminished cardiac output in the hepatic sinusoidal fibrosis. 
The staged repair of hypoplastic left heart syndrome de•
veloped by Norwood et al. (12,13) recruits the right ventricle 
as the systemic ventricle. Adequate function of the right 
ventricle and tricuspid valve is essential to the success of 
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this operation. The abnormality that led to the clinical ap•
pearance of hydrops in our case also created a hemodynamic 
contraindication to attempted repair. 
Conclusions. An unusual malformation of the right ve•
nous valve of the embryonic sinus venosus formed a wind•
sock-like structure that fell, like a stopper, into the tricuspid 
valve orifice. This was associated with a dysplastic tricuspid 
valve, and was responsible for producing fetal hydrops in 
a patient with a hypoplastic left heart. A previously unre•
ported pattern of fetal hepatic sinusoidal fibrosis makes this 
case even more unusual. A possible explanation for how 
these conditions could be related was discussed. This un•
common association precluded attempts at surgical pallia•
tion of the hypoplastic left heart since the tricuspid valve, 
the only functioning A V valve, was stenotic and regurgitant. 
The tricuspid valve lesion itself probably could not be re•
paired. The presence of fetal hydrops in a patient with hy•
poplastic left heart syndrome should raise the question of 
an additional right heart obstructive or regurgitant lesion. 
This particular lesion can be identified noninvasively, and 
it is a virtual contraindication to surgery. 
We appreciate the secretarial assistance of Marie Rice in the preparation 
of this manuscript. 
References 
I. Coen R, McAdams AJ. Visceral manifestation of shock in congenital 
heart disease. Am J Dis Child 1970;119:383-9. 
2. Etches PC, Lemons JA. Nonimmune hydrops fetalis: report of 22 
cases including three siblings. Pediatrics 1979;64:326-32. 
3. Kleinman CS, Donnerstein RL, DeVore GR, et a!. Fetal echocardi•
ography for evaluation of in utero congestive heart failure. N Engl J 
Med 1982;306:568-75. 
4. Moller JH, Lynch RP, Edwards JE. Fetal cardiac failure resulting 
from congenital anomalies of the heart. J Pediatr 1966;68:699-703. 
5. Naeye RL, Blanc W A. Prenatal narrowing or closure of the foramen 
ovale. Circulation 1964;30:736-42. 
6. Arcilla RA, Thilenius OG, Ranniger K. Congestive heart failure from 
suspected ductal closure in utero. J Pediatr 1969;75:74-8. 
7. Leake RD, Strimling B, Emmanouilides Gc. Intrauterine cardiac fail•
ure with hydrops fetalis. Clin Pediatr 1973; 12:649-51. 
8. Sahn OJ, Shenker L. Reed KL. Valdes-Cruz LM, Sobonya R, An•
derson C. Prenatal ultrasound diagnosis of hypoplastic left heart syn•
drome in utero associated with hydrops fetalis. Am Heart J 
19H2; 104: 1368-72. 
9. Silverman NH, Enderlein MA, Golbus MS. Ultrasonic recognition of 
aortic valve atresia in utero. Am J Cardiol 1984;53:391-2. 
10. Van Praagh R, Corsini I. Cor triatriatum: pathologic anatomy and a 
consideration of morphogenesis based on 13 postmortem cases and a 
study of normal development of the pulmonary vein and atrial septum 
in 83 human embryos. Am Heart J 1969;78:379-405. 
II. Lev M. Autopsy Diagnosis of Congenitally Malformed Hearts. Spring•
field, IL: Charles C Thomas, 1953:22-3. 
12. Norwood WI, Kirklin JK, Sanders SP. Hypoplastic left heart syn•
drome: experience with palliative surgery. Am J CardioI1980;45:87-91. 
13. Norwood WI, Lang P, Hansen DO. Physiologic repair of aortic atresia•
hypoplastic left heart syndrome. N Engl J Med 1983;308:23-6. 
